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Abstract 
 
 This work was carried out to explain the role of FAME and lipase in 
survival and multiplication of the organism in the host tissues and the 
induction of abscess by non abscess-producer Staphylococci treated with 
FAME and/or lipase and also to study the effect of triglycerides on abscess 
formation. 
Staphylococcus aureus (S. aureus) subsp. anaerobius and S. 
epidermidis were isolated from sheep abscess for extraction of FAME and 
lipase respectively by culturing them on trypticase soy broth medium.  
Thirty-nine sheep, divided into nine groups of three animals each, 
were inoculated subcutaneously (S/C) with different protocols and doses. 
Inocula included: S. epidermidis plus FAME; or plus FAME and lipase; S. 
warneri plus FAME or plus FAME and lipase; or plus lipase alone; S. 
aureus subsp. anaerobius plus triglyceride; or plus triglyceride and lipase; or 
plus triglyceride and FAME. The control groups (six groups of two animals 
each) were inoculated with the enzymes FAME and lipase, triglycerides and 
the test bacteria (S. aureus subsp. anaerobius, S. epidermidis and S. 
warneri).   
Necropsy of the experimental sheep revealed the presence of 
abscesses at the sites injected with S. epidermidis and S. warneri when 
treated with FAME or with both FAME and lipase and also at sites where S. 
aureus subsp. anaerobius was inoculated. No abscesses were formed at sites 
injected with S. epidermidis or S. warneri alone or S. warneri plus lipase. 
Triglycerides were found to inhibit the formation of abscess when injected 
with abscess-producer Staphylococci (S. aureus subsp. anaerobius), but 
when FAME or lipase was also added, abscess was formed again.  
 14
Sections prepared from sites injected with bacteria and the enzymes 
FAME and lipase showed the presence of abscesses characterized by 
neutrophils infiltration surrounded by fibrous tissue reaction. At places 
chronic inflammatory cells (mainly macrophages), fibroplasia and 
pyogranulomas were seen. The tissue changes were more pronounced at 
sites where S. epidermidis was injected with FAME and lipase, followed by 
inoculation sites of S. epidermidis plus FAME, and S. aureus subsp. 
anaerobius alone or when triglycerides were added to it with FAME or 
lipase. Sites injected with S. aureus subsp. anaerobius plus triglycerides 
showed slight inflammatory reaction.  
 To the best of our knowledge this in vivo experimental study seems to 
be the first of its type. 
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  ﻤﻠﺨﺹ ﺍﻷﻁﺭﻭﺤﺔ
ﻡ ﻭ ﺍﻟﻴﺒﺎﺯ ﻓﻲ ﺤﻴﻭﻴﺔ ﺍﻟﻤﻴﻜﺭﻭﺏ ﻭ ﺘﻜﺎﺜﺭﻩ ﺩﺍﺨل ﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻟﻤﻌﺭﻓﺔ ﺩﻭﺭ ﺇﻨﺯﻴﻡ ﻓﻴ
ﺃﻭ / ﻏﻴﺭ ﻤﻘﻴﺤﺔ ﺒﻌﺩ ﻤﻌﺎﻟﺠﺘﻬﺎ ﺒﺈﻀﺎﻓﺔ ﻓﻴﻡ ﻭﺒﻜﺘﻴﺭﻴﺎ ﻋﻨﻘﻭﺩﻴﺔﺃﻨﺴﺠﺔ ﺍﻟﺤﻴﻭﺍﻥ ﻭﺇﺤﺩﺍﺙ ﺨﺭﺍﺝ ﺒﻭﺍﺴﻁﺔ 
  .ﻭﻜﺫﻟﻙ ﻟﺩﺭﺍﺴﺔ ﺜﻼﺜﻲ ﺍﻟﻐﻠﻴﺴﻴﺭﻴﺩ ﻋﻠﻰ ﺘﻜﻭﻴﻥ ﺍﻟﺨﺭﺍﺝ. ﻟﻴﺒﺎﺯ
ﺠﻠﺩﻴﺔ ﻤﻥ ﺨﺭﺍﺝ ﺘﻡ ﻋﺯل ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺫﻫﺒﻴﺔ ﺍﻟﻼﻫﻭﺍﺌﻴﺔ ﻭ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟ
ﺒﺎﻟﻀﺄﻥ ﺒﻐﺭﺽ ﺇﺴﺘﺨﻼﺹ ﺇﻨﺯﻴﻤﻲ ﺍﻟﻔﻴﻡ ﻭ ﺍﻟﻴﺒﺎﺯ ﻤﻨﻬﻤﺎ ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ، ﻭﺫﻟﻙ ﺒﺄﺴﺘﺯﺭﺍﻋﻬﻤﺎ ﻓﻲ ﻭﺴﻁ 
  .ﺸﻭﺭﺒﺔ ﺍﻟﺘﺭﺒﺘﻜﻴﺯ
 ﺭﺃﺱ ﻤﻥ ﺍﻟﻀﺄﻥ ﻗﺴﻤﺕ ﺇﻟﻰ ﺘﺴﻌﺔ ﻤﺠﻤﻭﻋﺎﺕ ﻓﻲ ﻜٍل ﺜﻼﺙ ﺤﻴﻭﺍﻨﺎﺕ، ﺘﻡ ﺤﻘﻨﻬﺎ 93ﺃﺴﺘﺨﺩﻡ 
ﻴﺭﻴﺎ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺠﻠﺩﻴﺔ ﺍﻟﺒﻜﺘﺍﻟﺯﺭﻋﺎﺕ ﺍﻟﺘﻲ ﺤﻘﻨﺕ ﺸﻤﻠﺕ . ﺘﺤﺕ ﺍﻟﺠﻠﺩ ﺒﻤﺨﺘﻠﻑ ﺍﻟﻤﺤﻘﻭﻨﺎﺕ ﻭﺍﻟﺠﺭﻋﺎﺕ
ﺃﻭ ﺍﻟﻴﺒﺎﺯ ﺃﻭ " ﻓﻴﻡ"، ﺃﻭ ﻓﻴﻡ ﻭ ﺍﻟﻴﺒﺎﺯ ﻤﻌﺎﹰ، ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﻭﺍﺭﻨﻴﺭﻱ ﻤﻀﺎﻓﺎﹰ ﺇﻟﻴﻬﺎ "ﻓﻴﻡ"ﻤﻀﺎﻓﺎﹰ ﺇﻟﻴﻬﺎ 
ﻤﻀﺎﻓﺎﹰ ﺇﻟﻴﻬﺎ ﺜﻼﺜﻲ ﺍﻟﻐﻠﻴﺴﻴﺭﻴﺩ ﻓﻘﻁ ﺃﻭ ﺜﻼﺜﻲ ﺍﻹﻨﺯﻴﻤﻴﻥ ﻤﻌﺎ،ً ﻭ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺫﻫﺒﻴﺔ ﺍﻟﻼﻫﻭﺍﺌﻴﺔ 
  ". ﺍﻟﻔﻴﻡ"ﻟﻐﻠﻴﺴﻴﺭﻴﺩ ﻤﻊ ﺍﻟﻐﻠﻴﺴﻴﺭﻴﺩ ﻤﻊ ﺍﻟﻴﺒﺎﺯ ﺃﻭ ﺜﻼﺜﻲ ﺍ
ﺘﻡ ﺤﻘﻨﻬﺎ ﺒﺎﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻤﺨﺘﺒﺭﺓ ﻜل (  ﻤﺠﻤﻭﻋﺎﺕ ﻓﻲ ﻜل ﻤﻨﻬﻡ ﺤﻴﻭﺍﻨﻴﻥ6) ﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﻀﺒﻁ
 (ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺠﻠﺩﻴﺔ، ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﻭﺍﺭﻨﻴﺭﻱ ﻭ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺫﻫﺒﻴﺔ ﺍﻟﻼﻫﻭﺍﺌﻴﺔ)ﻋﻠﻰ ﺤﺩﺓ 
  . ﺜﻼﺜﻲ ﺍﻟﻐﻠﻴﺴﻴﺭﻴﺩ ﻤﻊ ﺇﻨﺯﻴﻡ ﻓﻴﻡ ﻭ ﺍﻟﻴﺒﺎﺯ ﻭ
ﺭﻴﺢ ﺍﻟﻤﺭﻀﻲ ﻋﻥ ﺘﻜﻭﻥ ﺨﺭﺍﺝ ﻓﻲ ﻤﻜﺎﻥ ﺤﻘﻥ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺠﻠﺩﻴﺔ ﻜﺸﻔﺕ ﻨﺘﻴﺠﺔ ﺍﻟﺘﺸ
ﻭﺃﻴﻀﺎﹰ ﻓﻲ ﻤﻜﺎﻥ ﺤﻘﻥ . ﻋﻨﺩ ﺇﻀﺎﻓﺔ ﺍﻟﻔﻴﻡ ﺇﻟﻴﻬﻤﺎ ﺃﻭ ﺇﻀﺎﻓﺔ ﺍﻟﻔﻴﻡ ﻭ ﺍﻟﻴﺒﺎﺯ ﻤﻌﺎﹰﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﻭﺍﺭﻨﻴﺭﻱ ﻭ 
ﻤﻜﺎﻥ ﺤﻘﻥ  ﻭﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺠﻠﺩﻴﺔ ﺃﻭ  ﻟﻡ ﻴﺘﻜﻭﻥ ﺍﻟﺨﺭﺍﺝ ﻓﻲ. ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺫﻫﺒﻴﺔ ﺍﻟﻼﻫﻭﺍﺌﻴﺔ
ﻜﻤﺎ ﻭﺠﺩ .  ﻭﺍﺭﻨﻴﺭﻱ ﺃﻭ ﻓﻲ ﻤﻭﻀﻊ ﺤﻘﻥ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﻭﺍﺭﻨﻴﺭﻱ ﻤﻀﺎﻓﺎﹰ ﺇﻟﻴﻬﺎ ﺍﻟﻴﺒﺎﺯﺍﻟﻌﻨﻘﻭﺩﻴﺔ
ﺃﻥ ﺜﻼﺜﻲ ﺍﻟﻐﻠﻴﺴﻴﺭﻴﺩ ﻴﺜﺒﻁ ﺘﻜﻭﻴﻥ ﺍﻟﺨﺭﺍﺝ ﻋﻨﺩ ﺤﻘﻨﻪ ﻤﻊ ﺒﻜﺘﻴﺭﻴﺎ ﻤﺴﺒﺒﺔ ﻟﻪ ﺃﻱ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺫﻫﺒﻴﺔ 
  .ﺇﻻ ﺃﻥ ﺇﻀﺎﻓﺔ ﺍﻟﻔﻴﻡ ﻭ ﺍﻟﻴﺒﺎﺯ ﻤﻊ ﺜﻼﺜﻲ ﺍﻟﻐﻠﻴﺴﻴﺭﻴﺩ ﺃﺩﻯ ﺇﻟﻰ ﺘﻜﻭﻴﻥ ﺍﻟﺨﺭﺍﺝ ﺍﻟﻼﻫﻭﺍﺌﻴﺔ
ﻭ ﺍﻟﻴﺒﺎﺯ ﺃﻭﻀﺤﺕ ﻭﺠﻭﺩ ﺨﺭﺍﺝ " ﻓﻴﻡ"ﺢ ﺍﻟﻤﻌﺩﺓ ﻤﻥ ﻤﻭﻀﻊ ﺤﻘﻥ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﻤﻊ ﺇﻨﺯﻴﻤﻲ ﺍﻟﺸﺭﺍﺌ
ﻓﻲ ﺒﻌﺽ ﺍﻷﻤﺎﻜﻥ ﻜﺎﻥ ﻫﻨﺎﻙ  ﺇﺭﺘﺸﺎﺡ . ﻴﺘﻤﻴﺯ ﺒﺈﺭﺘﺸﺎﺡ ﺍﻟﺨﻼﻴﺎ ﺍﻟﻌﺩﻟﺔ ﺍﻟﻤﺤﺎﻁﺔ ﺒﺎﻟﻨﺴﻴﺞ ﺍﻟﻠﻴﻔﻲ
(. samolunargoyp)ﺍﻟﺨﻼﻴﺎ ﺍﻟﻤﻠﺘﻘﻤﺔ ﺍﻟﻜﺒﻴﺭﺓ ﻤﻊ ﺘﻜﺎﺜﺭ ﺍﻟﻨﺴﻴﺞ ﺍﻟﻠﻴﻔﻲ ﻭﺘﻜﻭﻴﻥ ﺤﺒﻴﺒﻭﻤﺎﺕ ﻤﺘﻘﻴﺤﺔ 
" ﻓﻴﻡ"ﻨﺴﻴﺠﻴﺔ ﻜﺎﻨﺕ ﺃﻜﺜﺭ ﻭﻀﻭﺤﺎﹰ ﻓﻲ ﻤﻭﺍﻀﻊ ﺤﻘﻥ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺠﻠﺩﻴﺔ ﻤﻊ ﺇﻀﺎﻓﺔ ﺍﻟﺘﻐﻴﺭﺍﺕ ﺍﻟ
ﻭﻜﺫﻟﻙ ﺒﺎﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺫﻫﺒﻴﺔ " ﻓﻴﻡ"ﻭ ﺍﻟﻴﺒﺎﺯ ﺘﻠﻴﻬﺎ ﺍﻟﻤﻭﺍﻀﻊ ﺍﻟﺘﻲ ﺤﻘﻨﺕ ﺒﻨﻔﺱ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺯﺍﺌﺩﺍﹰ 
61 
ﻨﺕ ﺒﺎﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻤﻭﺍﻗﻊ ﺍﻟﺘﻲ ﺤﻘ. ﺃﻭ ﺍﻟﻴﺒﺎﺯ" ﻓﻴﻡ"ﺍﻟﻼﻫﻭﺍﺌﻴﺔ ﻟﻭﺤﺩﻫﺎ ﺃﻭ ﻤﻊ ﺜﻼﺜﻲ ﺍﻟﺠﻠﻴﺴﻴﺭﻴﺩ ﻭﺇﻀﺎﻓﺔ 
  .ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺫﻫﺒﻴﺔ ﺍﻟﻼﻫﻭﺍﺌﻴﺔ ﻤﻊ ﺇﻀﺎﻓﺔ ﺜﻼﺜﻲ ﺍﻟﺠﻠﻴﺴﻴﺭﻴﺩ ﺃﻅﻬﺭﺕ ﺘﻔﺎﻋﻼﹰ ﺇﻟﺘﻬﺎﺒﻴﺎﹰ ﻁﻔﻴﻔﺎﹰ
ﺤﺴﺏ ﻤﺎ ﻟﺩﻴﻨﺎ ﻤﻥ ﻤﻌﻠﻭﻤﺎﺕ ﺘﻌﺘﺒﺭ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻷﻭﻟﻲ ﻤﻥ ﻨﻭﻋﻬﺎ ﻤﻥ ﺍﻟﻨﺎﺤﻴﺔ ﺍﻟﺘﺠﺭﻴﺒﻴﺔ ﻓﻲ 
 .ﺍﻟﺤﻴﻭﺍﻥ
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Introduction 
 
Sudan possesses a large animal wealth estimated to be 128.523.000 of 
which sheep constituted 48.136.000 (MARF, 2002). Sheep export is one of 
the most important public incomes. However many diseases cause great 
economic losses due to return back of sheep to Sudan, one of these sheep 
diseases is abscess disease which is characterized by superficial 
enlargements. The disease is caused by S. aureus subsp. anaerobius. It is 
endemic in nature with high morbidity and no mortality (Bajmocy et al., 
1984). It seems to affect all age groups causing more than two abscesses in 
one animal.  Any S. aureus subsp. anaerobius survives and multiplies in the 
host tissues and causes abscess must produce an esterifying enzyme known 
as fatty acid modifying enzyme (FAME).Fatty acid modifying enzyme 
inactivates the bactericidal fatty acids which is produced by the host in the 
abscess. This enzyme itself is inhibited by glycerides and the host delivers 
large amounts of triglycerides into the core of the abscess which keep the 
enzyme non-functional (Long et al., 1992).These triglycerides are 
overcomed by lipase .This means, the organism must produce both FAME 
and lipase to cause the disease .Abscess disease also poses a problem in 
sheep fattening industries (Radwan, 1996). Many researchers worked in this 
syndrome so as to solve export sheep problem and improve the statement. 
Previous works studied the mechanism of abscess formation and the factors 
contributed with it in the laboratory (in-vitro). This study was performed to 
demonstrate these mechanisms in animals (in-vivo). The main objectives of 
this work are:      
 1. To study the role of FAME in abscesses production by non- abscess 
producer Staphylococci in sheep. 
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2. To study the effect of triglycerides on FAME and abscess-producer 
Staphylococci. 
 3. To show the effect of lipase on triglycerides. 
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Chapter One 
Literature Review 
 
1.1. Staphylococcal abscess (sheep abscess syndrome) 
Staphylococci are the most outstanding abscess-producer bacteria in 
animals which are associated with a contagious suppurative infection of 
lymph nodes (lymphadenitis). Staphylococcus auerus subsp anaerobius (S. 
auerus subsp anaerobius) was found to be the main causative agent of this 
syndrome in sheep and goats ( Bajomocy et al., 1964; Hamad, 1989; El -
Sanousi et al., 1989; Karmalla, 1993; Saeed, 1995; Hassan, 1996 and 
Radwan, 1996). It is known as abscess disease because abscesses are the 
only sign of the disease (Aynaud, 1927) and it is also named Morel’s disease 
in recognition to its first discover Morel (1911) who reported the disease for 
the first time in France. Later it was reported by several scientists in France 
and many other countries (Blaco Loizelier, 1958; Shirlaw and Ashford 1962; 
Bajmocy et al., 1984; Fuente and Saurez 1985; Fuente et al., 1985 and 
Hamad, 1989). The onset of the disease in goats is rare and it was reported 
only in Italy by Valenti and Bieler (1984), in Sudan by El-Sanousi et al. 
(1989) and in Saudia Arabia by Alhendi et al. (1993). In Sudan the disease 
in goats was reported for the first time by El-Sanousi et al. (1989) and in 
sheep by Hamad (1989). 
 
1.2. Pathology of the disease 
1.2.1. Susceptibility 
Abscess disease commonly affects young sheep and rarely adult ones, 
and its symptoms are similar to those of caseous lymphadenitis (Morel, 
1911; Joubert, 1958; Shirlaw and Ashford, 1962; Bajmocy et al., 1984; 
 20
Fuente and Suarez, 1985). However, Alhendi et al. (1993) differentiated 
between the two diseases. He observed that the onset of abscess disease was 
sudden affecting most of the flock and involving superficial lymph nodes. 
On the other hand, caseous lymphadenitis affects few individuals and 
internal organs were frequently involved. The disease is endemic in nature 
with high morbidity and no mortality (Bajmocy et al., 1984) and mostly 
occurs in fattening animals (Aynaud, 1928; Jay-Naidoo, 1980 and Hassan, 
1996). The incidence of sheep abscess disease was found to be about 5-8% 
in natural cases and reached 62.5% among feed lots animals (Hassan, 1996). 
  
1.2.2. Gross pathology 
The main pathological feature of the disease is the formation of 
abscesses close to or within the superficial lymph nodes, subcutaneous 
tissues and rarely in liver and lungs. The size of abscesses varies from the 
size of the pigeon’s egg to the size of a foot ball. The lesions usually appear 
small, then gradually increase in size, when ripened, they rupture and expel a 
thin greenish yellow pus and the healing takes place after a long time 
(Morel, 1911; Aynaud, 1922; 1927; 1928; Shirlaw and Ashford 1962; 
Bajmocy et al., 1984; Fuente and Suarez, 1985; Santa Rosa et al., 1989; 
Hamad, 1989; El-Sanousi, 1989; Alhendi et al., 1993 and Moller et al., 
2000). Hamad (1989) mentioned that macroscopically, abscesses at the 
inoculation sites were encapsulated with fibrous capsules and the affected 
lymph nodes contained small well encapsulated abscesses. Moller et al. 
(2000) reported that abscesses contained viscous white-yellow pus enclosed 
by a 0.2-0.5 cm thick connective tissue capsule.  
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1.2.3. Histopathology 
 Shirlaw and Ashford (1962) reported that histopathological sections 
prepared from lymph nodes close to abscess showed slight hypereamia, 
oedema of lymph channels and hyperplasia of lymphoid cords. According to 
Hamad (1989), the histopathological sections of affected lymph nodes 
revealed hyperplasia of the lymphoid tissue and at the center of each 
caseating lesion there was a liquefied homogenous material in which 
polymorphonuclear leucocytes were seen at different stages of destruction 
together with necrotic debris.  Microscopically abscess contained non 
structured pus with calcified foci and multiple bacterial colonies surrounded 
by homogenous esinophilic mass. In some lymph nodes chronic 
inflammation, cortical atrophy and trabecular and capsular fibrosis were 
noticed (Moller et al., 2000). Sections from skin of lambs born from ewes 
challenged by S. aureus subsp. anaerobius showed epidermal keratinization 
and hair follicle cornification in addition to liquefaction of other hair 
follicles and a moderate infiltration of mononuclear cells (Hassan, 2001). 
Lymph nodes sinuses were devoid of lymphocytes. 
 
1.3. Causal agent of abscess disease 
 The causative agent of the disease was described as Gram-positive 
cocci, arranged singly, in pairs, in tetrads and in clusters. It was non-motile, 
non-sporing, usually non-capsulated and haemolysin producer (Morel, 1911; 
Carre, 1923a-b; 1927; Aynaud, 1922; 23; Joubert, 1958; Shirlaw and 
Ashford, 1962; Blair et al., 1970; Fuente et al., 1985; Hamad, 1989; 
Karamalla, 1993 and Hassan, 1996). Bajmocy et al. (1984) showed that the 
cells were arranged more frequently in tetrads and occasionally in 
conglomerates. El-Sanousi (1989) reported that the organism was partially 
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acid fast and Hassan (1996) repored that it was clumping factor negative. It 
was named S. aureus subsp. anaerobius and adopted in the ninth edition of 
Bergy's Manual of Determinative Bacteriology (Schliefer, 1985 and Sneath 
et al., 1986).      
 The study by Karamalla (1997) showed that several spp. of the genus 
Staphylococcus could be incriminated in the causation of abscess disease, 
these include: S. aureus subsp. anaerobius, S. aureus, S. carnosus, S. hyicus, 
S. hominis, S. saccharolyticus, S. cohnii, S. xylosus, S. caseolyticus, S. sciuri, 
S. delphini and S. intermedius. While, Sara (2002) reported more spp. that 
can cause sheep disease viz: S. aureus subsp. anaerobius, S. aureus, S. 
caseolyticus, S. carnosus, S. caprae, S. lugdunensis, S. simians, S. simulans, 
S. pulvereri, S. saccharolyticus, S. auricularis and S. hyicus. 
            
1.4. Classification and identification of Staphylococcus species and                  
subspecies 
1.4.1. On the basis of coagulation 
Historically, staphylococci have been separated into two major groups 
on the basis of their ability to clot blood plasma by the action of 
staphylocoagulase. The coagulase-positive species: S. aureus, S. intermedius 
S. delphini and the coagulase variable species S. hyicus. Coagulase negative 
species: S. epidermidis, S. lugdunensis and S. saprophyticus beside 30 other 
species (Kloos, 1990). 
 
1.4.2. On the basis of their natural or genomic relationships 
As determined by DNA-DNA hybridization and the thermal stability 
of DNA heteroduplexes (Schleifer et al., 1979; Kloos and Wolfshohl, 1979; 
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1983). These relationships were supported by extensive phenotypic character 
analysis. Currently, six species groups can be recognized as follows: 
a. S. epidcrmidis species group, including: S. epidermidis, S. capitis, S. 
caprae, S. saccharolyticus, S. warneri, S. haemolyticus, S. hominis, and an 
unreported species S. simians. 
b. S. saprophyticus species group, including S. saprophyticus,  S. cohnii, S. 
xylosus and at the margin of this group the other novobiocin resistant 
species: S. klosii, S. equorum, S. arlettae and S. gallinarum. 
c. S. simulans species group, including S. simulans and S. carnosus. 
d. S. intermedius species group, including S. imtermidius and S. delphini. 
e. S. hyiclis species group, including S. hyicus and S. chromogenes. 
f. S. sciuri species group, including S. sciuri and S. lentus. 
 S. caseolyticus, S. lugdunensis and S. schleiferi can not be accommodated in 
any of these groups. 
 
1.4.3. On the basis of phenotypic characters 
This is useful in the classification and identification of species 
provided that they have a high predicative value in identifying DNA 
homology groups. Characters representing biochemical reactions and 
physiological and morphological properties, studies at the cellular and 
population levels have been useful in the discovery of species and in 
practical identification schemes ( Kloos, 1990). Saeed (1995) also classified 
the genus on the basis of their biochemical reactions and Karamalla (1997) 
depended on protein analysis and biochemical tests in its identification of the 
genus. 
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1.4.4. On the basis of antibiotic susceptibilities 
This way is not generally regarded as a good basis for classification, 
mainly because of the widespread distribution of resistance genes on 
plasmids and hence their instability. 
 Mayer (1963) defines a subspecies in higher organisms as an 
aggregate of local populations of species, inhabiting a geographic 
subdivision of the range of the species, and differing taxonomically from 
other populations of the species. Subpopulations of Staphylococcal species, 
distinguished on the basis of significant differences in their DNA homology 
and at least some differences in phenotypic characters have been classified 
as subspecies. Recently, six subspecies have been described in details and 
one is being briefly mentioned.  
The three subspecies given names and a formal description included 
S. aureus subsp. anaerobius (Fuente et aI., 1985), S. capitis subsp. 
ureolyticus (Bannerman and Kloos, 1990), and S. cohnii subsp. ureolyticum 
(Kloos and Wolfshohl, 1983; 1990). 
 
1.5. Growth and colonial morphology 
 Primary isolation was obtained only on media supplemented with 
blood, egg yolk or serum (Fuente et al., 1985). Hamad (1989) reported that 
the organism was able to grow only in media enriched with blood and serum 
and incubated microaerobically or anaerobically while, Radwan (1996) 
reported that the best medium for growth is Brain Heart infusion broth. 
Morel (1911); Aynaud (1922) and Carre (1923a, 1923b) reported that the 
organism did not grow on simple media or when incubated aerobically.  
Bajmocy et al. (1984) found the causal agent can grow on microaerophilic 
and under aerobic conditions as pin point size colonies on the fifth day of 
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incubation or later, while Shirlaw and Ashford (1962) mentioned that it did 
not grow aerobically even after incubation for five days. Fuente and Suarez 
(1985) stated that, after few subcultures on sheep blood agar incubated 
anaerobically or under CO2 tension, the organism was adapted to grow 
aerobically on sheep blood agar or in Brain Heart infusion broth. However, 
good growth occurs when cultures of isolates from sheep abscesses were 
incubated anaerobically or under increased CO2 tension. Hassan (1996) also 
mentioned that best growth was obtained under CO2 tension, followed by the 
anaerobic conditions while no growth was obtained under aerobic 
conditions.  Colonies on blood agar after two day's of incubation are very 
small (1 to 3 mm in diameter), low convex, circular, entire, smooth, 
glistening and opaque (Fuente et al., 1985).  
In liquid media, the organism appears as a white granular deposit 
without turbidity of the medium when incubated in nutrient broth or Brain 
Heart infusion from plate cultures following incubation for 48-72 hours 
(Fuente et al., 1985). It was noticed that no growth occurred when pus 
samples were directly inoculated into nutrient broth. The growth in serum 
broth was observed within 48-72 hours with formation of a deposit without 
turbidity of the medium (Aynaud, 1928). A granular deposit in broth cultures 
was formed after three days of incubation at 370C (Fuente et al., 1985). 
 
1.6. Biochemical and physiological reactions 
S. aureus subsp anaerobius is catalase and oxidase negative. Fuente 
and Suarez (1985) and Fuente et al. (1985) mentioned that the organism 
produces coagulase, heat-labile neuclease, phosphatase, gelatinase and egg 
yolk factor. However, Shirlaw and Ashford (1962) reported that the 
organism did not produce coagulase or gelatinase enzymes and Aynaud 
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(1928) showed that the organism reduced nitrate to nitrite .The organism 
was reported to be negative for methyl red, Voges-Proskauer and citrate tests 
and produced urease or reduced nitrate to nitrite (Bajmocy et al., 1984 and 
Fuente and Saurez, 1985). S. aureus subsp anaerobius can ferment glucose, 
sucrose,fructose, maltose and mannose (Joubert et al.,1958; Bajmocy et 
al.,1984; Fuente and Saurez, 1985 and Hamad,1989) but different results 
were obtained with other sugars. Most of the authors agreed that the 
organism did not produce any pigment; the colour of colonies is white. On 
the other hand Aynaud (1923) and Hamad (1989) reported that a golden 
pigment was produced on serial subculture while, yellow-white pigment was 
reported by Karamalla (1993). 
     
1.7. Cellular surface components of S. aureus 
1.7.1. Proteins 
The surface of the bacterial cell wall can be determined by 
electromicroscope using the new technique of freeze substitution methods 
which enable the analysis of the cell wall surface of S. aureus in details. 
Proteins promote bacterial attachment to the extracellular matrix of the host 
to initiate colonization (Patti et al.,1994 and Foster et al.,1997).The analysis 
of the S. aureus proteins by gel electrophoresis identified 45-57 kilodalton 
(KDa) range and all presumptive protein A variants demonstrated binding to 
non-immune rabbit serum (Cheung et al.,1987). Protein A (agglutinogen A) 
can bind to the Fc domain of IgG and inhibit opsonophagocytosis (Uhlen et 
al., 1984). Fibronectin-binding proteins is a very common property of S. 
aureus isolate (Jonsson et al., 1991 and Greene et al., 1995) which are 
responsible for mediating bacterial attachment to immobilized Fibronectin 
in-vitro and are important factor contributing to the initiation of foreign body 
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infection (Patti et al.,1994 and Vaudaux et al.,1993 and 1995). Karamalla 
(1993) analyzed protein produced by S. aureus isolated from sheep abscess 
and he found that it has eleven protein bands ranging from 11-96 KDa. S. 
aureus subsp anaerobius is the only speices that had 31 bands which are 
characteristic for it. These cell proteins may have significant role in the 
pathogenicity of the organism. A direct correlation between coagulase 
production and the number of protein bands was demonstrated (Karamalla, 
1997). Umeda and Amako (1998) observed that the surface of the 
Staphylococcal wall was covered with a fuzzy coat which was removed after 
extraction of teichoic acid from the cell wall. They also mentioned that the 
capsule plays a role as a barrier protecting from the penetration of antibody 
against tiechoic acid. 
 
1.7.2. Toxins 
Staphylococci can produce disease both through their ability to 
multiply and spread widely in the tissues and by the production of many 
extracellular substances; essentially enzymes and toxins. Staphylococci 
produce several endotoxins (beta, alpha and gamma) which are lethal to 
animals causing necrosis and also contain soluble haemolysins. S. aureus 
produces five chemically and immunologically related enterotoxins (A-E) 
which are the common cause of food poisoning (Jawetz et al., 1995). 
However, Fuente et al. (1985) reported that none of S. aureus subsp 
anaerobius strains tested produce these enterotxins. 
 
1.7.3. Lipids (Fatty acids) 
Fatty acids have often been included amongst the factors thought 
likely to suppress organisms on skin (Jay-Naidoo, 1980). Small amounts of 
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unsaturated fatty acid mixtures appear to potentiate inhibition of growth and 
Staphylococcal enterotoxin-B formation.The inhibition of S. aureus by fatty 
acids was pH-dependent (Jay-Niadoo, 1980). Linolenic acid was much more 
inhibitory to S. aureus than coagulase negative Staphylococci from human 
skin and that S. aureus strains of animal origin were more sensitive than 
those of human origin (Lacey and Lord, 1981). Oleate is more inhibitory to 
S. aureus than to all the coagulase-negative species (Ushijima et al., 1984).        
Karamalla (1997) reported that there was direct relation between the 
amount of the fatty acids and haemolysin production which indicates the 
direct relationship between fatty acid and pathogenicity and there is also 
correlation between fatty acids composition and coagulase production. 
Chamberlain (1999) mentioned that free fatty acids can kill Staphylococci. 
Kapral et al., (1992) reported that triglycerides with unsaturated fatty acids 
are potent inhibitors to fatty acid modifying enzyme (FAME). However free 
fatty acids esterified by this enzyme form fatty acid esters which are unable 
to kill the bacteria. 
 
1.7.4. Enzymes 
Enzymes have a very important role in the pathogenicity of the 
organism. Staphylococci produce different enzymes such as catalase which 
converts hydrogen peroxide into water and oxygen. Coagulase or clumping 
factor that clots plasma oxalate or citrate and coagulase production is 
considered synonymous with invasive pathogenic potential (Jawetz et al., 
1995). Other enzymes include: hyaluronidase or spreading factor, 
staphylokinase causing fibrinolysis, proteinase, B-lactamase, phospholipase, 
DANase, phosphatase, lipase and recently FAME which has an important 
role in Staphylococcal abscess formation. 
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1.7.4.1. FAME 
FAME is an extracellular enzyme produced by some members of 
Staphylococci that inactivates the bactericidal effect of fatty acids, which are 
produced in the abscess, by esterifying them to various alcohols. Production 
of FAME was first identified as a possible virulence factor in S. aureus and 
has also been identified in S. epidcrmidis (Chamberlain and Brueggemann, 
1997). S. schleiferi and S. saprophyticus closely resemble S. aureus in that 
80% of their strains produced lipase and FAME. S. simulans, S. warneri, S. 
caprae, S. hominis, S. cohnii and S. capitis also produce the two enzymes 
and the proportion of strains producing both enzymes ranged between 10-
60% (Long et al., 1992). 
 
1.7.4.1.1. Properties of FAME 
S. aureus FAME has a pH optimum between 5.5-6.0 and a 
temperature optimum of about 400C. Its activity do not affected by the edetic 
acid or by the presence of sodium or potassium ions or by prolong dialysis 
against distilled water. FAME utilizes different alcohols as a substrate like 
methanol, ethanol, 1and 2 propanol, 1-butanol and cholesterol which is the 
best one and FAME preferable (Mortensen et al., 1992). FAME esterifies all 
straight-chain saturated fatty acids with 11-24 carbons. However, 
unsaturated fatty acids and saturated ones in mid-range (C15-C19) are 
generally better substrates than others. Expression of FAME is controlled 
genetically by the global regulators Agr and Sar (Chamberlain and Imanoel, 
1996). The optimum temperature of S. epidermidis FAME was found to be 
between 20-350C and the optimum pH was 6.0. Optimal enzyme activity 
was present at NaCl concentration of between 250-500mM (Chamberlain 
and Brueggemann, 1997). Chamberlain (1999) reported that FAME has an 
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extracellular activator (FAME-free concentrated culture filtrate) which can 
increase FAME expression and activity when added to the FAME-producer 
Staphylococcus culture.  
 
1.7.4.2. Lipase 
Lipase produced by some species of Staphylococci. It is a lipid-
degrading enzyme capable of breaking down triglycerides to fatty acids and 
glycerol. In addition to hydrolyzing esters, lipase can catalize 
transesterification, esterification and aminolysis or oximolysis under 
unhydrous condition and recently it has been used for deacetylation of 
cephalosporine (see Hyun-Woo Lee, 2001). It can be purified by 
precipitation with alcohol (Vadehra and Harman, 1967) or by application of 
a multi-step procedure involving ammonium sulfate precipitation and 
hydrophobic interaction chromatography followed by gel filtration through 
Sepharose CL-4B (Tyski et al., 1983). The later investigators also reported 
that lipase contains 17 amino-acids, 2% sugars and some amount of lipids. 
The lipase preparation is stable within pH 5.0 to 9.0 and has maximal 
activity at pH 8.0. The optimal temperature for the enzymatic reaction was 
550C. Vadehra and Harman (1967) mentioned that purified lipase had an 
optimal pH of 8.3 for activity at 370C and an optimal temperature of 450C at 
pH 8.0. Cooling reduced the activity of enzyme and heating retained it. 
Lipase was capable to breakdown triglycerides to fatty acids and glycerols 
and it was found to be less active against the long chain triglycerides 
produced in the abscess than it is against triglycerides with shorter side 
chains in the molecule (Muraoka et al., 1982). 
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1.8. The role of FAME and Lipase in Staphylococcal abscess 
From the review of literature, FAME seems to be the initiator factor 
of abscess formation It is important for the organism s' survival in the host 
tissues because it inactivates and destroys the bactericidal lipids (free fatty 
acids) which act on bacteria converting them to esters. Previous studies had 
shown that fatty acid esters were unable to kill Staphylococci (Dye and 
Kapral, 1981). Abscess provides a suitable condition to allow the FAME to 
permit its function. Abscess pH is nearly similar to that of FAME and a 
preferable FAME substrate (cholesterol) was found in the abscess which 
permits the esterification and neutralization of bactericidal fatty acids 
(Mortensen et al., 1992). On the other hand FAME was inhibited by 
triglycerides. Triglycerides with unsaturated fatty acids are potent inhibitors 
to FAME and keep it non-functional (Kapral et al., 1992). Lipase relieve 
FAME inhibition by breakdown the triglycerides to glycerols and fatty acids, 
this make FAME free and act on bactericidal lipids to protect the bacteria 
from killing. Generally it is agreed that FAME has a role in the abscess 
formation and only FAME-producer strains are able to survive or multiply 
within the host tissues (Kapral et al., 1992; Mortensen et al., 1992 and 
Chamberlain, 1999). 
 
1.9. Sesame oil 
According to the studies conducted by Khidir (1997) in Sudan, 
sesame oil contains 85% unsaturated fatty acids (oleic and linolenic acids). 
Therefore, it can be used as triglycerides. 
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1.10. Staphylococci 
Staphylococci are ubiquitous in the environment. Natural populations 
are associated with skin, skin glands and mucous membranes of warm-
blooded animals. They have been isolated from animal products such as 
meat, milk and cheese and from other sources such as soil, sand, seawater, 
fresh water, dust and air (Kloos et al., 1991). Some Staphylococcal species 
are known to be frequently encountered in severe infections. In the past, 
only the coagulase-positive sp. (S. aurous) was considered to be pathogenic, 
but studies showed that coagulase-negative Staphylococci have emerged as 
significant pathogens. 
S. aureus subsp .anaerobius is the most important member of 
Staphylococci in veterinary medicine because it is the main cause of abscess 
disease in small ruminants. Recently, Sandra et al. (2006) published the first 
report of septicemia in human caused by obligatory anaerobic S. aureus. 
They reported that the causative agent genotyping can not at present reliably 
separate S. aureus subsp. aureus from S. aureus subsp .anaerobius,   but 
phenotypic characteristics suggest that the present isolate is a previously 
undescribed strain of anaerobic S. aureus.       
S. epidcrmidis is the most prevalent cause of nosocomial infections 
associated with indwelling devices. Nowadays, identification of S. 
epidermidis and other species of Staphylococcus is performed using 
commercial biotype identification kits, such as API Staph Ident, API Staph-
Trac, Vitek GPI Card and Microscan Pos Combo. These comprise 
preformed strips containing test substrates. Monika and Hans (2000) 
reported about rapid identification of S. epidermidis and they depended on 
phenotypic characterstics, fatty acids composition and PCR and they found 
that Box-PCR seems to be excellent tool for the identification of S. 
 33
epidermidis isolates. Yufeng et al. (2005) used microarray-based genome-
wide comparison of clinical and commenesal S. epidermidis strains to 
identify putative virulence determinants. S. epidermidis is highly susceptible 
to killing by fatty acids (Kanai and Kondo, 1979) and it produces FAME 
(Long et al., 1992), which help it by inactivating these fatty acids to stay a 
live for a long time in the skin and can be colonized. In a similar study 
carried out by Chamberlain and Brueggeman (1997), the results revealed 
that S. epidermidis  produced FAME (88% of 51 isolates), lipase (92%) and 
slime (13.7%) but no report showed that it can produce abscess neither 
naturally nor experimentally, although it is isolated from sheep abscess. S. 
warneri had been recognized less frequently as a significant human and 
animal pathogen and it represents only 1% of the skin Staphylococci in 
normal individuals (Dan et al., 1984). S. warneri is distinguished from S. 
epidermidis by its lack of phosphatase and its ability to produce acid from 
trehalose (Kloos et al., 1991). Recently Hechard et al. (2005) reported the 
medical importance of S. warneri because it inhibits the Legionella 
pneumophila growth by an anti-Legionella peptide which might be a 
bacteriocin. S. warneri produced FAME in low level but no further work on 
this enzyme has been carried out. 
 
1.11. Induction of abscess 
1.11.1, Laboratory animals 
Mice, guinea pigs and rabbits are known to be refractory to 
experimental infections with S. aureus subsp. aureus whatever the route of 
administration or size of the dose (Carre, 1923; Aynaud, 1928; Jouhert, 
1958; Shirlaw and Ashford, 1962; Fuente and Suarez, 1985 and Hamad, 
1989).  
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1.11.2. Sheep and goats 
 Aynaud (1923, 1927 and 1928) found the organism to be pathogenic 
for sheep and experimentally for goats. Although goats are naturally 
resistant but they are sensitive to infection experimentally (Aynaud, 1927 
and El-Sanousi, 1989). Aynaud (1927) found that the organism was 
pathogenic for sheep and goats when administered by intramuscular (I/M), 
subcutaneous (S/C), intraperitoneal (I/P) and intratestical (I/T) routes and 
not pathogenic when given orally or via intra-tracheal route. Abscesses 
developed at the inoculation sites while I/P injection resulted in development 
of abscesses in the abdominal muscles. Shirlaw and Ashford (1962) reported 
that sheep were susceptible to infection when the organism was administered 
intradermally or S/C routes. Inoculated animals developed abscesses at sites 
of inoculation after two days post infection intradermal (I/D) and after 12 
days on those infected S/C. They also observed abscesses in adjacent 
regional lymph nodes at post-mortem six weeks following infection. The 
same investigators noticed that abscesses were not induced when they 
rubbed the organism in the scarified area. Bajmocy et al. (1984) were able to 
reproduce the disease by scarification as well as by I/M and intravenous 
(I/V) routes. Fuente and Suarez (1985) showed that sheep inoculated S/C or 
I/M with a culture suspension of the organism developed abscesses both at 
the inoculation sites and adjacent lymph nodes. Hamad (1989) found that 
abscesses developed at the inoculation sites with pulmonary abscesses on the 
lung at the same site of inoculation. Abscess ruptured on ninth day of 
inoculation and thickening and cording of lymphatic vessel from the skin 
lesion to the adjacent pre-scapular lymph node were also observed. Hassan 
(1996) mentioned that scarification caused multiple micro-abscesses in liver, 
mediastinal lymph nodes but no evidence of abscess formation was observed 
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in the superficial lymph nodes. Santa-Quiteria et al. (1994) found that 
abscess was reproduced by rubbing superficial skin incisions with a swab 
soaked in an overnight culture of S. aureus subsp. anaerobius. Hassan 
(1996) noticed multiple micro-abscesses in the liver together with 
involvement of the mediastinal lymph nodes when sheep were infected with 
pus applied topically on artificially scarified skin while S/C injection of S. 
aureus subsp. anaerobius in the neck region developed abscess in the 
parotid lymph node and site of inoculation. 
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Chapter Two 
Materials and Methods 
 
2.1. Collection and transportation of samples 
One hundred and fifty sheep abscesses were collected from Nyala, 
Port-Sudan and Khartoum Abattoirs for isolation of Staphylococcus species. 
These samples were transported to the Microbiology laboratory in the 
Faculty of Veterinary Medicine, University of Khartoum in ice box. Samples 
were examined bacteriologically according to the methods described by 
Barrow and Feltham (2003) and scheme for identification of Staphylococcal 
spp. (Saeed and El-Sanousi, 1995). 
 
2.2. Culture media 
2.2.1. Liquid media 
All media other than sugars were autoclaved at 121oC for 15 minute. 
Sugars were autoclaved at 110oC for 10 minutes. 
 
2.2.1.1. Nutrient broth (Oxoid CM1) 
The medium was prepared by dissolving 13 gram of powder in 1000 
ml of distilled water and vigorously shaken, then distributed in 5 ml test 
tubes and sterilized.  
 
2.2.1.2. Peptone water (Himedia M028) 
Fifteen grams of peptone water powder were added to 1000 ml of 
distilled water, mixed well then sterilized and used as a base for 
carbohydrates utilization test. 
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2.2.1.3. Sugar media  
Peptone water which was prepared above was divided into 100 ml 
bottles, then 1 ml of Andrade indicator and 1 gram of specific sugar was 
added. The mixture was shaked well till completely dissolved, then 
distributed into 5 ml volume in test tubes and sterilized. 
 
2.2.1.4. Trypticase soy broth (LABM TM) 
    Thirty grams of powder were dissolved in 1000 ml of distilled water 
then distributed into 200 ml bottled and sterilized. 
 
2.2.2. Solid media 
2.2.2.1. Nutrient agar (Himedia [RAF] M001) 
Twenty eight grams of dehydrated nutrient agar were dissolved in 
1000 ml of distilled water then sterilized and poured into sterile Petri dishes 
in 15-20 ml amount. 
 
2.2.2.2. Blood agar (Oxoid CM271) 
Forty gram of blood agar base were added to 1 litre of distilled water 
and boiled to dissolve completely then sterilized after cooling to 45-50oC. 
Defibrinated sterile sheep blood was aseptically added to 10% concentration. 
It was then poured into plates in 20 ml aliquots. 
 
2.2.2.3. Urea agar (Christensen’s Medium) 
It was prepared by suspending 2.4 grams (Oxoid CM53) in 95 ml of 
distilled water, sterilized and cooled to 50oC then 5 ml of sterile 40% urea 
solution (Oxoid SR20) were added aseptically. The mixture was distributed 
in 10 ml amount into sterile bottles and allowed to solidify in slope position. 
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2.3. Biochemical tests 
All tests were performed according to Barrow and Feltham (2003), 
unless otherwise stated. 
 
2.3.1. Catalase test 
  A drop of 3% of hydrogen peroxide was placed on a clean 
microscopic slide then a small amount of culture was brought into contact 
with the drop. Positive reaction was indicated by immediate gas bubbles 
production.  
 
2.3.2. Oxidase test  
The test was performed by removing of a portion of freshly grown 
culture with sterile glass rod and rubbed on a strip of filter paper which had 
been impregnated with 1% solution of tetramethyl-p-phenylene diamine 
dihydrochloride. A dark purple colour developing within 5-10 seconds was 
considered as positive reaction. 
 
2.3.3. Coagulase test 
2.3.3.1. Slide coagulase test 
To detect bound coagulase (clumping factor), two thick suspensions 
were prepared on a clean slide by emulsifying a small amount of culture 
with  physiological saline then a drop of undiluted rabbit plasma was added 
to one of them and mixed gently. The positive result was examined visually 
by clumping of the organism within 10 seconds (compared to control). 
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2.3.3.2. Tube coagulase test  
 To detect   free coagulase, fresh rabbit plasma was diluted 1:10 in 
physiological saline. Of this 0.5 ml was taken in test tubes and 5 drops of 48 
hours growth culture was added with gentle mixing then incubated at 37oC 
then examined for clotting after one hour. Negative results were re-examined 
at 30 minutes intervals for up to 16 hours. Positive and negative controls 
were routinely included in the test (Cruickshank et al., 1975). 
 
2.3.4. Urease test 
A heavy inoculum of tested organism was seeded onto urea medium 
and incubated at 37oC for 48 hours. Positive reaction was indicated by 
development of intense red or purple pink colour. Negative tests were re-
incubated for 6 days.  
 
2.3.5. Novobiocin sensitivity test  
Blood agar plates were rubbed with tested organisms. The novobiocin 
discs (BBL and Sensi-disc) were gently fixed on the surface and incubated at 
37oC for 24 hours. Growth inhibition was observed in plates cultured with 
sensitive organisms.     
 
2.3.6. Sugars fermentation 
Sugar medium was cultured with tested organisms then incubated at 
37oC and examined frequently for up to 14 days. Change in colour to pink, 
was recorded as a   positive   reaction. 
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2.4. Microscopic examination, isolation and identification 
  Impression smears were first made form each pus sample, fixed, 
stained and examined microscopically. Samples showing staphylococcal 
shape-like were streaked onto blood agar plates then incubated aerobically 
and under microaerophilic condition at 37oC. Growth was examined after 48 
hours and the isolates were identified according to scheme for identification 
of Staphylococcal species (Saeed and El-Sanousi, 1995).  
 
2.5. Experimental animals  
Thirty nine healthy fattened Hamari and Kabashi sheep aged six 
months to one year were purchased from Omdurman Local Market. They 
were identified by numbered ear-tags and divided into nine test groups (three 
animals each) plus control ones (12 animals). The animals were kept in 
convenient open sided-pens under strict healthy and sanitary condition. All 
animals were fed on roughages and concentrates. 
 
2.6, Experimental design 
2.6.1. Preparation of inocula 
2.6.1.1. Preparation of crude FAME and lipase  
Crude FAME and lipase were prepared according to the method of Long et 
al. (1992).  
 
2.6.1.1.1. Preparation of crude FAME  
S. aureus subsp. anaerobius was grown microaerophilically in 100 ml of 
Trypticase soy broth (TSB) at 37oC for 18 h. with continuous shaking. The 
culture was centrifuged at 3000 r.p.m. for 30 minutes using cold centrifuge 
and the supernatant fluid was sterilized by filtration using 0.22 µm. filter 
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membrane. The culture filtrate was concentrated to half volume at 4oC using 
dialysis tubes and carbowax. 
  
2.6.1.1.2. Preparation of lipase 
S. epidermidis was cultured in 100 ml of TSB then incubated 
aerobically at 37 oC for 18 h. with continuous shaking. The culture was 
centrifuged at 3000 r.p.m. for 30 minutes using cold centrifuge and the 
supernatant fluid was sterilized by filtration using 0.22 µm. filter membrane. 
The culture filtrate was concentrated to half volume at 4oC using dialysis 
tubes and carbowax. 
  
2.6.1.2. Preparation of the organisms 
S. aureus subsp. anaerobius was grown microaerophilically in 10 ml 
nutrient broth at 37oC overnight while, S. epidermidis and S. warneri were 
grown aerobically in 10 ml nutrient broth at 37oC overnight. Serial tenfold 
dilution from 1 ml of each culture was made. Inocula from dilutions 10-1  
(containing about 104 bacterial cells) and10-3 (containing about 103bacterial 
cells) were used. 
  
2.6.1.3. Triacylglycerols (Triglycerides) 
Sesame oil which contains 85% unsaturated fatty acids was used as 
triglycerides purchased directly from local producing factories. Pure 
triglycerides were also used for comparison. 
 
2.6.2. Inoculation of the experimental animals 
The animal groups were clipped and inoculated subcutaneously at 
both sides of the neck region. 
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2.6.2.1. Experiment one 
         Inoculation of non-abscess producer Staphylococci (S.epidermidis 
and S. warneri) plus FAME 
Group (1) 
Right side: 0.5 ml of dilution 10-1of S. epidermidis plus 0.5 ml of 
FAME. 
Left side: 0.5 ml of dilution 10-1of S. epidermidis plus one ml of FAME. 
 
Group (2) 
Right side: 0.5 ml of dilution 10-1of S. warneri plus 0.5 ml of FAME. 
Left side: 0.5 ml of dilution 10-1of S. warneri plus one ml of FAME. 
 
2.6.2.2. Experiment two 
         Inoculation of non-abscess producer Staphylococci (S. epidermidis 
and S. warneri) plus FAME and lipase 
 
Group (1) 
Right side: 0.5 ml of dilution 10-1of S. epidermidis plus 0.5 ml of 
FAME plus 0.5 ml of lipase. 
Left side: 0.5 ml of dilution 10-1of S. epidermidis plus 0.5 ml of FAME plus 
one ml of lipase. 
 
Group (2) 
Right side: 0.5 ml of dilution 10-1of S. warneri plus 0.5 ml of FAME 
plus 0.5 ml of lipase. 
Left side: 0.5 ml of dilution 10-1of S. warneri plus 0.5 ml of FAME plus one 
ml of lipase. 
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2.6.2.3. Experiment three 
         Inoculation of non abscess-producer Staphylococci (S. warneri) 
plus lipase 
Right side: 0.5 ml of dilution 10-1of S. warneri plus 0.5 ml of lipase. 
Left side: 0.5 ml of dilution 10-1of S. warneri plus one ml of lipase. 
 
2.6.2.4. Experiment four 
         Inoculation of FAME and abscess-producer staphylococci (S. 
aurous subsp. anaerobius) plus triglycerides 
 
Group (1) 
Right side: 0.5 ml of dilution 10-3of S. aureus subsp. anaerobius plus 0.5 ml 
of triglycerides. 
Left side: 0.5 ml of dilution 10-3of S. aureus subsp. anaerobius plus 0.5 ml 
of FAME plus 0.5 ml of triglycerides. 
 
Group (2) 
Right side: 0.5 ml of dilution 10-3of S. aureus subsp. anaerobius was 
injected, then   after of half an hour, followed by 0.5 ml of triglycerides in 
the same place of injection. 
Left side: Before 0.5 ml of dilution 10-3of S. aureus subsp. anaerobius was 
added, 0.5 ml of FAME was incubated with 0.5 ml of triglycerides for six 
hours at 37oC then the mixture was injected. 
 
Group (3) 
In this group the concentration of the organism was increased from dilution 
10-3 to dilution 10-1 with constant amount of triglycerides.  
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Right side: 0.5 ml of dilution 10-1of S. aureus subsp. anaerobius plus 0.5 ml 
of triglycerides. 
Left side: 0.5 ml of dilution 10-1of S. aureus subsp. anaerobius plus one ml 
of triglycerides. 
 
2.6.2.5. Experiment five 
         Inoculation of lipase with triglycerides and S. aureus subsp. 
anaerobius 
Right side: 0.5 ml of dilution 10-3of S. aureus subsp. anaerobius plus 0.5 ml 
of triglycerides plus 0.5 ml of lipase.  
Left side: 0.5 ml of triglycerides plus 0.5 ml of lipase were incubated at 
37oC for six hours then 0.5 ml of dilution 10-3of S. aureus subsp. anaerobius 
was added and the mixture was injected. 
 
2.6.2.6. Control Group 
Twelve animals were divided into six groups of two sheep each.  
 
Group (1) 
Right side: 0.5 ml of FAME. 
Left side: 0.5 ml of lipase. 
 
Group (2) 
Right side: 0.5 ml of FAME plus 0.5 ml of lipase. 
Left side: 0.5 ml of triglycerides. 
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Group (3) 
Right side: 0.5 ml of FAME plus 0.5 ml of triglycerides were incubated at 
37oC for 6 hours then injected. 
Left side: 0.5 ml of lipase plus 0.5 ml of triglycerides were incubated at 
37oC for 6 hours then injected. 
 
Group (4) 
Right side: 0.5 ml of dilution 10-3of S. aureus subsp. anaerobius. 
 
Group (5) 
Right side: 0.5 ml of dilution 10-1of S. epidermidis. 
 
Group (6) 
Right side: 0.5 ml of dilution 10-1of S. warneri. 
          The inoculated animals were following up daily. Rectal temperature 
and results of palpation of the injection sides were recorded and the size of 
swellings and abscesses were measured in centimetre. When abscesses 
ripened a pus sample was taken aseptically and cultured on blood agar. 
 
2.7. Post-mortem examination and pathological investigation 
2.7.1. Post mortem 
The experimental animals were slaughtered fourteen to eighteen days 
post injection. Inoculation sites were examined. Superficial and deep lymph 
nodes, internal organs of the body (lungs, liver, heart, kidneys) and heads 
were searched visually for the presence of changes. 
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Sections from lesions at the site of injection and representative 
samples from lymph nodes and liver were fixed in 10% neutral formalin for 
histopathology. 
Sites of inoculation that showed abscesses were taken for 
bacteriological examination. 
 
2.7.2. Histopathology 
Tissue sections were prepared for histological examination according 
to the method described by Durury and Wallington (1980). 
 
2.7.2.1. Fixation 
About one cm3 of sample were fixed at least three days so as to 
preserve and fortify the tissues. 
  
2.7.2.2. Tissue processing 
It was performed automatically using Elloit tissue processor. The 
formalin fixed tissues were labelled and immersed in 70% alcohol for 15 
minutes before it was introduced to the processing machine. 
 
2.7.2.3. Dehydration 
It is essential in the preliminary process, because paraffin did not 
penetrate the tissue in the presence of water. Using different ascending 
grades of ethyl alcohol (varying between 70% to absolute alcohol) prevent 
the distortion that would accompany the direct transfer of tissue from 10 % 
formalin to absolute alcohol.  
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2.7.2.4. Clearing 
Xylene and chloroform were used as clearing agents. 
  
2.7.2.5. Wax impregnation and embedding 
Tissues were embedded in paraffin wax of a melting point 54 to 56 
moulds of suitable size then the blocks were allowed to cool and solidify. 
 
2.7.2.6. Microtomy 
Microtomy of embedded tissues was performed using a rotatory microtome 
(Baired and Tatlock Ltd,England). The sectioned produced were 4-6 microns 
in thickness. 
 
2.7.2.7. Manipulation of section 
The sections were fixed on a glass slide and dried at 37oC for an hour. 
 
2.7.2.8. Staining of the section 
Section was first, freed of wax using xylene and then rehydrated using 
different descending grades of alcohol ranging from absolute to 70% 
alcohol. The tissues were cleaned with xylene and stained with eosin and 
haemotoxylin. 
 
2.7.2.9. Mounting 
The staining sections were covered with glass cover slips, which were 
fixed by Canada balsam. The sections were all allowed drying for 24 hours 
before they were examined.  
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Chapter Three 
Results 
 
3.1. Bacteriological findings  
Most smears which were prepared from pus samples showed Gram 
positive cocci arranged in clusters and some revealed Corynebacterium spp. 
and the others were mixed. S. aureus subsp anaerobius, S. epdemidis, and S. 
warneri were isolated when pus samples which showed Gram-positive cocci 
were cultured on blood agar (Fig. 1a, b, c).   
The results of the biochemical tests and cultural characteristic used for 
identification of S. aureus subsp anaerobius, S. epdemidis, and S. warneri 
are shown in Table (1). 
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a. 
 
 
 
 
 
 
 
 
 
         b. 
 
 
 
 
 
 
 
 
 
 
        c. 
 
 
Fig.1. a: Showing colonies of S. aureus subsp. anaerobious on blood 
agar. 
Fig.1. b: Colonies of S. epidermidis on blood agar. 
 
Fig.1. c: Colonies of S. warneri on blood agar. 
 50
 
 
Table (1): Cultural and biochemical characteristics of S. aureus 
subsp anaerobius, S. epdemidis, and S. warneri 
 
Test 
S. aureus subsp 
anaerobius 
S. epdemidis S. warneri 
Microaerophilic growth +ve - - 
Catalase -ve +ve +ve 
Oxidase -ve -ve -ve 
Co-agulase +ve -ve -ve 
Voges-Proskauer -ve - - 
Mannitol -ve -ve - 
Aerobic growth -ve +ve +ve 
Novobiocin - -ve -ve 
Mannose - +ve -ve 
Sucrose - +ve - 
Trehalose - -ve - 
Lactose - 
- -ve 
Urease - 
- +ve 
 
+ve = positive. 
-ve = negative. 
-    = not tested. 
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3.2. Clinico-pathological signs  
Post inoculation of sheep with S. aureus subsp anaerobius  and other  
treated bacterial spp. (S. epidermidis and S. warneri plus FAME and/or 
lipase) resulted in abscess formation with a transient increase in body 
temperature on the first three days in most animals with mild reactions at the 
inoculation sites. At day six four of swellings showed abscesses which 
ruptured by day eight. Other swellings remained closed until incised at 
postmortem. 44 (61.1%) of 72 injection sites showed abscess (varied from 
very small to large). Those included sites injected with S. epidermidis plus 
FAME, S. epidermidis plus FAME plus lipase, S. warneri plus FAME, S. 
warneri plus FAME plus lipase, S. aureus subsp anaerobius plus 
triglycerides plus FAME, S. aureus subsp anaerobius plus triglycerides plus 
lipase and S. aureus subsp anaerobius alone (Fig. 2, 3, 4 and 5). Sites 
injected with S. warneri plus lipase and S. warneri alone grossly showed non 
measurable size at injection sites, but at postmortem there was pin-point pus. 
            The control sites which were injected with enzymes (FAME and 
lipase) and triglycerides showed no swelling or caseation. Sections from the 
skin of inoculated sites showed no significant histopathological changes. 
            The organisms used for abscess induction were re-isolated and 
identified from the abscesses produced. 
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Fig.2:  Subcutaneous abscess in sheep experimentally infected with S. 
epidermidis plus FAME. 
 
 
 
  
 
 
 
 
 
 
 
 
Fig. 3: Subcutaneous abscess in sheep experimentally infected with S.   
epidermidis plus FAME plus lipase 
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Fig. 4: Subcutaneous abscess in sheep experimentally infected with S. 
warneri plus FAME. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Subcutaneous abscess in sheep experimentally infected with S.       
aureus subsp. anaerobious alone. 
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3.2.1. The effect of FAME on non abscess-producer Staphylococci (S. 
epidermidis and S. warneri) 
Injection of 0.5 ml of FAME with 0.5ml of dilution 10-1of S. 
epidermidis resulted in induction of abscess (0.3-2.1 cm. in diameter) at the 
inoculation sites at day four (Fig. 6 a and b). Reduction of abscesses size 
was observed when the dose of FAME was increased to 1ml (Table 2). 
In case of S. warneri plus FAME, abscesses were formed (Fig. 7), but 
were less in size (0.1-1.0 cm.) than those produced by S. epidermidis (Table 
3). 
The histopathological findings revealed the presence of abscesses in 
sites inoculated with S. epidermidis plus FAME and S. warneri plus FAME. 
A chronic pyogranulomatous reaction was seen; composed of dense 
collection of mononuclear, lymphocytes and plasma cells with neutrophils in 
the centre (Fig. 8 and 9). Most sections showed dermal edema, fibrosis, 
mononuclear infiltration (observed also perivascularly) (Fig. 10-12), 
subcutaneous muscle degeneration and necrosis with widened and fibrosed 
intermuscular connective tissues (Fig.13). Pyogranulomas and wide 
suppuration were seen in deep dermis and subcutaneous tissues (Fig.14). In 
some sections (S. epidermidis plus FAME) the granulomatous reaction was 
not severe and other one showed dermal haemorrahge (Fig.15). 
Injection of FAME 15 minutes latter at the site where S. warneri was 
inoculated resulted in large rather flat swelling. At post-mortem area of pus 
was small. Sections from the inoculation sites revealed severe chronic 
subcutaneous reaction. Subcutaneous muscle atrophy and necrosis were 
observed and intermuscular tissue was thickened by fibrosis and infiltration 
of round cells (Fig. 16). Deep dermis showed multiple large abscesses and 
pyogranulomas (Fig. 17).  
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Fig. 6. a Skin: Abscess formation at the site of S. epidermidis plus FAME    
injection. 
Fig. 6.b. Skin: Injection site of  S. epidermidis alone. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Abscess formation at the injection site of S. warneri plus FAME.  
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Table (2): The effect of different doses of FAME on the size of S. 
epidermidis-induced abscesses (diameter in cm. at day nine) 
 
Animal No. 
Experiment 
(1),  
Group (1) 
0.5 ml of  
FAME+0.5 ml 
of  
S. epidermidis  
1 ml of 
FAME+0.5 ml 
of  
S. epidermidis 
0.5 ml. of 
S. epidermidis 
alone 
0.5 ml 
of  
FAME 
alone 
1 2.1 1.9 ≥0.1 - 
2 1.2 1.1 ≥0.1 - 
3 1.2 0.7   
 
 
Table (3): Comparison of abscess sizes (cm.) obtained from addition of 
FAME    to S. epidertmidis and S. warneri with their control 
positives 
 
Animal 
No. 
Experiment 
(1), group 
(1 and 2) 
0.5ml of 
FAME + 
0.5ml of S. 
epidermidis 
0.5ml of 
FAME+ 
0.5ml of S. 
warneri  
 0.5ml of S. 
epidermidis 
alone 
0.5ml of S. 
warneri  
alone 
1 0.6-2,1 0.1-0.6 ≥0.1 ≥0.1 
2 0.4-1.2 0.4-1 ≥0.1 ≥0.1 
3 0.3-1.2 0.3-0.8 - - 
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Fig. 8: Skin: Subcutaneous tissue showing a pyogranuloma (H and E x 100). 
(section from site injected with S. epidermidis plus FAME). 
                                                                
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Fig. 9: Section showing chronic cellular reaction composed of mainly         
macrophages (H and E x 400). (section from site injected with   
                S.warneri  plus FAME).                                      
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Fig. 10. Skin: Slight epidermal thickening and dermal edema (H and E x 
100). (section from site injected with  S.warneri plus FAME).                                      
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11: Skin section with slight epidermal thickening and slight    
fibrosis of deep dermis (H and E x 250). (section from site 
                 injected with S. epidermidis plus FAME).                                        
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Fig. 12. Skin: Perivascular mononuclear cell infiltration in the dermis (H and 
E x 250). section from site injected with S.warneri  plus FAME).                          
  
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13: Section showing fibrosis and area of caseous necrosis (H and E 
x 250). (section from site injected with S. epidermidis  plus FAME).                                 
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Fig. 14: Section showing dermal abscesses (H and E x 100). (section from       
site injected with S. epidermidis  plus FAME).         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 15. Skin: showing dermal haemorrhage (H and E x 250). (section from   
site injected with S. epidermidis  plus FAME).        
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Fig. 16. Skin: Subcutaneous tissue showing muscle necrosis, fibrosis and 
mononuclear cell infiltration (H and E x 100). (section from site 
injected with S. warneri plus FAME).     
  
 
 
 
 
 
 
 
 
 
 
 
Fig. 17. Skin:  Subcutaneous tissue showing multiple abscess formation (H 
and E x 100). (section from site injected with S. warneri plus 
FAME).      
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3.2.2. The combined effect of FAME and Lipase on non abscess -
producer Staphylococci (S. epidermidis and S. warneri) 
            Injection of the same amounts of both enzymes with S .epidermidis 
resulted in abscess formation (Fig. 18) and when the amount of lipase was 
increased, the abscess size slightly increased (Table 4). While in case of S. 
warneri abscesses were also formed but there was no change in sizes when 
increasing lipase amount. 
             Histopathologically, some sections showed marked reaction, fibrosis 
and suppuration of dermis and S/C tissue. At places severe chronic 
inflammatory reaction with pyogranulomas showing bacterial colonies and 
presence of giant cells were observed (Fig. 19). In one section, large abscess 
with calcification and massive necrosis of S/C tissue was noticed. 
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Fig. 18. Skin: Abscess formation at the injection site of S. epidermidis plus 
FAME plus lipase. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 19: Abscess showing club-shaped bacterial colonies (H and E x 250). 
(section from site injected with S. epidermidis plus FAME and 
lipase).                                                                 
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Table (4): Effect of different doses of lipase on FAME abscess 
development (in cm.) 
 
Animal No. 
Experiment (2), 
group (1) 
0.5ml of FAME + 
0.5ml of lipase + 0.5ml 
of S. epidermidis  
0.5ml of  FAME + 
1ml of lipase + 0.5ml 
of  S. epidermidis  
1 2.2 2.9 
2 1.3 1.9 
3 1.2 1.3 
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3.2.4. The effect of Lipase on non abscess-producer Staphylococci (S. 
warneri) 
          Injection of lipase with S. warneri (0.5 ml from each) grossly resulted 
in very small and soft swelling. Increased amount of lipase from 0.5 – 1.0 ml 
resulted in no gross change at the inoculation sites. 
 Histopathologically, injection of equal amounts (0.5 ml) of S. warneri 
and (0.5ml) lipase resulted in the formation of multiple deep abscess 
showing bacterial colonies and pyogranulomas (see Fig.17 and 19, 8). In 
some sections there is marked granulmatous reaction with neutrophil 
infiltration and perivascular mononuclear cells infiltration were seen. But 
when lipase was increased to 1 ml instead of  0.5ml there was limited dermal 
inflammation and muscle degeneration in one section (Fig. 20). While other 
sections showed no significant changes in epidermis, dermis, subcutaneous 
tissue and muscles. 
Lymph node sections which were prepared from the sites injected 
with S. epidermidis plus FAME and S. epidermidis plus FAME and lipase 
showed lymphoid hyperplasia and distinct large follicles with germinal 
centres containing many large lymphocytes. Medullary cords were heavily 
populated with lymphocytes and plasma cells. Edema and many mitotic 
figures were frequently seen. While liver showed cell swelling and 
hepatocytes vacuolation. There are widened blood vessels and sinusoids and 
portal areas were infiltrated with mononuclear cells. There were also focal 
areas of hepatic necrosis and vacuolated cells (fatty changes). 
In case of S. warneri plus FAME and S. warneri plus FAME and 
lipase  lymph nodes showed lymphoid hyperplasia and distinct follicles with 
germinal centres. Generally lymphocytes density was relatively less. 
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Medullary cords were thickened and showed large lymphocytes and plasma 
cells.  
Liver sections showed cell swelling and irregular vacuolations and 
widened portal areas. Small granulomas were occasionally seen. 
         Injection of S. epidermidis alone revealed no visible gross reaction at 
the inoculation sites and histopathologically there was no significant change 
in epidermis and dermis. Subcutaneous tissue showed fibrosis and focal 
granulomatous reaction. No neutrophils were seen. 
S. warneri also showed non measurable gross swelling but at 
postmortem small pin-point yellowish spot was seen in only one site. 
Histopathologically, there is slight reaction, fibrosis and mild perivascular 
mononuclear cells infiltration in the skin. No change in epidermis and 
dermis in some sections. 
  FAME injected sites showed no significant gross change and 
hitopathologically there was dermal edema (Fig. 21). Subcutaneous muscles 
stained pale and some muscle fibres showed intense eosinophilia. 
Injection sites of lipase showed no gross changes where as 
histopathologically there was cellular fibroplasia. Subcutaneous muscle 
stained pale and some were darkly eosinophilic. Muscle bundles were 
widely separated.  
         Injection sites of FAME plus lipase grossly showed no change in sizes 
of injected sites. Histopathologically there were dilated sweat glands (Fig. 
22) with thickened epithelium (Fig. 23). Subcutaneous tissues showed 
edema and slight cellular reaction. One section showed no change in skin 
and subcutaneous tissues. 
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Fig. 20. Subcutaneous tissue: Some muscle fibres staining deep 
eosinophilic (hyaline degeneration) (H and E x 250). (section from 
site  injected with  S. warneri plus lipase).                              
 
 
   
 
 
 
 
 
 
 
 
 
 
 
Fig. 21: Skin section showing slight dermal edema (H and E x 100).       
(section from site injected with FAME alone ).                                
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Fig. 22: Skin section showing dilated sweat gland (H and E x 250). (section 
from site injected with FAME plus lipase). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 23. Skin: Epidermal thickening (acanthosis and hyperkeratosis) (H and              
E x 250). (section from site injected with FAME plus lipase).                                       
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3.2.5. The effect of external Triglycerides on abscess formation by 
abscess-producer Staphylococci (S. aureus subsp anaerobius) 
Addition of ½ ml of triglycerides (pure or sesame oil) to ½ ml of 
dilution 10-3of S. aureus subsp anaerobius or S. epidermidis plus FAME 
resulted in inhibition of abscess formation. Identical results were obtained 
when amount of triglycerides was increased form ½ ml to 1 ml with constant 
dose of S. aureus subsp anaerobius. 
Histopathological results revealed that addition of pure triglycerides to 
S. aureus subsp anaerobius showed no change, while sesame oil showed 
slight edema with deep eosinophilic staining fibres (Fig.21, 20).  
Lymph node sections prepared from animals injected with S. aureus 
subsp anaerobius plus triglycerides showed lymphoid hyperplasia and large 
lymphoid follicles with germinal centres (Fig. 24). 
Liver sections showed diffuse hepatocytes vacuolation (autolysis) and 
proliferation of kupffer cells. 
Abscess was obtained when S. aureus subsp anaerobius was increased 
from dilution 10-3 to dilution 10-1 and also when FAME was added to the 
inoculum (½ ml dilution 10-3of S. aureus subsp anaerobius plus 
triglycerides plus FAME). The abscesses were small and some contained 
watery deep yellow pus. On incision the content oozed leaving empty cavity 
(Fig. 25). 
Histopathological examination revealed dermal edema, suppuration, 
fibrosis and pyogranulomas with bacterial colonies in deep dermis and S/C 
tissue (see Figs. 10, 20 and 8). 
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Fig. 24. Lymph node: Exhibiting lymphoid hyperplasia with germinal    
centres (H and E x 250). (section from lymph node from site injected 
with S. aureus subsp. anaerobious ).                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 25. Skin: Cyst-like structure containing yellow watery fluid formed at 
the site injection of S. aureus subsp. anaerobious plus triglycerides 
plus FAME. 
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3.2.6. The effect of lipase on triglycerides for abscess formation 
Injection of a mixture of lipase plus S. aureus subsp anaerobius plus 
triglycerides (pure or sesame oil) resulted in the induction of abscess again. 
The result was not affected when both triglycerides plus lipase were 
incubated then injected with S. aureus subsp. anaerobious (Fig. 26). 
 Histopathologically, the site of injection of incubated lipase and 
triglycerides showed very big area of suppuration with fibrosis of 
subcutaneous tissue and formation of granulomas. Injection of lipase plus S. 
aureus subsp anaerobius plus triglycerides (without pre-incubation of lipase 
and triglycerides) resulted in the presence of abscess, slight dermal fibrosis 
and mononuclear cell infiltration. Subcutaneous tissue showed dense 
macrophagic infiltration in between muscle. 
The dose containing equal amounts of lipase and triglycerides resulted 
in pyogranulomas and chronic tissue reaction with S/C muscle necrosis. 
Increasing the amount of lipase from ½ ml to 1 ml with constant amount of 
triglycerides resulted in very wide area of suppuration, extreme fibrosis and 
granulomas formation. 
Injection of S. aureus subsp anaerobius alone grossly showed abscess 
formation (Fig. 27) and histopathologically there was large abscess 
surrounded by connective tissue capsule and mononuclear cells infiltration 
in deep dermis (Fig. 28). Other sections showed large areas of suppuration 
with appearance of bacterial colonies and pyogranulomas (Fig. 29) . In some 
sections, chronic inflammatory reaction with S/C muscle degeneration and 
presence of giant cells were seen (similar to Fig. 18, 8). 
Lymph node at S. aureus subsp anaerobius injection site was grossly 
enlarged, lobulated and congested. 
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Fig. 26. Skin: Abscess formed by injection of S. aureus subsp. anaerobious    
plus triglycerides plus lipase. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 27. Skin: Abscess formation at the site of S. aureus subsp. anaerobious       
injection. 
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Fig. 28: Section of abscess showing neutrophils (H and E x 400).         
(section from site injected with S. aureus subsp. anaerobious  
alone).                                                                                               
 
 
              
 
 
 
 
 
 
 
 
 
Fig .29. Large abscess showing club-shaped bacterial colonies  
(H and E x 250) (section from site injected with S. aureus subsp. 
anaerobious  alone ).  
 74
 
   
 Histopathologically there was lymphoid hyperplasia and well developed 
follicles, some having germinal centres. There was medullary edema and 
thickened medullary cords.    
Liver showed hepatocyte swelling and vacuolation. Portal triads were 
density infiltrated by mononuclear cells, mainly lymphocytes. Some areas 
showed parenchymal necrosis and fibrosis and diffuse mononuclear cell 
infiltration.  
Generally injection of FAME or FAME plus lipase with either S. 
epidermidis or S. warneri (which are non abscess producer) resulted in the 
formation of abscess. Similarly injection of S. aureus subsp anaerobius 
alone could produce large abscess but injection of the organism with 
triglycerides inhibited abscess formation. When lipase was added to S. 
aureus subsp anaerobius plus triglycerides abscess could also beformed.  
             The inoculation of FAME, lipase and triglycerides produced no 
lesions at the inoculation sites. 
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Table (5) Summary of pathological changes using different 
inocula  
 
Inoculum 
Abscess site 
Skin        L.N
Abscess 
size 
Histopathological 
changes (Severity)
S.epidermidis+FAME   +               - +++ +++ 
S. warneri+FAME   +               -  ++ ++ 
S. warneri+lipase    -*             -    - + 
S. epidermidis+FAME 
+lipase 
   +              -    +++ ++++ 
S. warneri +FAME+ lipase    +              - ++ ++ 
S. epidermidis alone     -              - - + 
S. warneri alone    -*              -   - + 
FAME alone    -               - - + 
Lipase alone    -               - - + 
Triglycerides alone    -               - - + 
S. aureus subsp. anaerobius 
alone 
   +              - +++ ++ 
S. aureus subsp. anaerobius 
+triglycerides 
   -               -    - + 
S. aureus subsp. anaerobius 
+ triglycerides+FAME 
   +*            - ++ +++ 
S. aureus subsp. anaerobius 
+triglycerides+lipase 
   +                -    +++   +++ 
         L.N=lymph node. 
           -* = pin-point one yellowish spot at the site of injection. 
+* = cyst-like structure containing dark-yellow watery fluid.   
 76
Chapter Four 
Discussion 
 
This study was conducted on sheep abscess disease which is a very 
important one of the major economic loss. Therefore, many researchers 
investigated the problem from different aspects. Generally, the disease was 
discussed by many people in different part of the world (Aynaud, 1922; 23; 
27; 28; Carre, 1923; Shirlaw and Ashford, 1962; Schleifer et al., 1979; 
Bajmocy et al., 1984; Fuente et al., 1985 and Moller et al., 2000). 
In Sudan, studies revealed that the main causative agent of the disease 
in sheep and goats is S. aureus subspecies anaerobius (Hamad, 1989 and El-
Sanousi, 1989). Then followed by other researchers such as Karamalla 
(1993; 97); Radwan (1996); Noura (1996); Hassan (1996; 2001) Sara (2000) 
and Muna (2002). They worked on different aspects of the disease like the 
aetiology of the disease, classification and grouping, immunity, vaccination 
and control, protein and fatty acids analysis but there is no work being 
published on bacterial enzymes specifically FAME; the main factor of 
abscess formation. In the Sudan and world wide there is little information 
concerning the FAME. Previous studies showed that for the organism to 
form abscess and cause this problem must possess two enzymes: Fatty acid 
modifying enzyme (FAME) and lipase. These studies confirmed that only 
FAME-producer S. aureus strains were able to survive or multiply within the 
host tissues and those FAME-lacking strains were rapidly destroyed when 
introduced into the tissues (Dye and Kapral, 19981). Within the abscess, 
there are bactericidal fatty acids, FAME, triglycerides and lipase and inside 
the abscess, the following occurs: Bactericidal fatty acids produced by the 
host act on the organism and control the multiplication and survival of 
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staphylococci within abscess. FAME produced by the organism is capable of 
destroying the bactericidal fatty acids by esterfying them to alcohols. This 
leads to protection of the organism, which can survive and multiply to form 
abscess. Triglycerides produced by the host containing unsaturated fatty 
acids are very potent inhibitors to FAME, keep FAME non-functional and 
make the bactericidal lipids free to act on the bacteria. Lipase produced by 
the organism breakdown the triglycerides to glycerol and fatty acids; the 
later are utilized by bacteria. High concentrations of free fatty acids kill the 
bacteria (Dye and Kapral, 1981) while, fatty acid esters are unable to kill 
Staphylococci. Long et al. (1992) worked in production of FAME by some 
Staphylococci and they found that there was strong correlation between 
FAME and lipase production. 
Studies done by Kapral et al. (1992) confirmed that FAME esterifies 
the fatty acids within the abscess and it inhibited by triglycerides. He also 
reported that triglycerides containing unsaturated fatty acids were more 
potent inhibitors than saturated ones.  
The reports of Mortensen et al. (1992) described the properties of 
FAME and discussed its possible role in the staphylococcal host-parasite 
interaction. The same investigators mentioned that FAME production 
correlated with the ability of a strain to grow and survive within the tissue.  
Chamberlain (1999) worked on extracellular activator of FAME and 
reported that addition of S. aureus activator to S. epidermidis cultures 
increased FAME expression but there was no increase or inhibition in 
FAME production when he added S. epidermidis activator to S. aureus 
cultures.  He also explained that increasing the amount of activator added to 
a constant number of S. epidermidis cells resulted in increased level of 
FAME produced. In the same study, the author found that there are genetic 
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differences between the two activators; S. epidermidis activator is less heat 
resistant and unable to activate S. aureus cells to produce FAME. 
The findings of the present study showed that abscess can be 
generated in experimental animals (sheep) by non abscess-producer 
Staphylococci (S. epidermidis and S. warneri) by the addition of crude 
FAME prepared from S. aureus subsp. anaerbius culture to above species. 
This result may suggest that, either S. epidermidis FAME is non-functional 
or the abscess formed was due to the S. aureus subsp. anaerobius FAME 
added or S. epidermidis FAME is activated by S. aureus subsp. anaerobius 
FAME activator. 
 The addition of lipase to S. epidermidis plus FAME increased the 
abscess size, this may be due to increased level of lipase within abscess (S. 
epidermidis is lipase producer) which is able to breakdown all the  
triglycerides released by the host leaving the protected FAME to act on 
bactericidal lipids. This result was confirmed histopathologically by 
presence of severe reaction and extensive suppuration. 
When S. warneri was injected with FAME, the abscess produced was 
smaller than that formed by S. epidermidis. It appears that abscess 
development was retarded because FAME inhibited by triglycerides and 
there was no enough lipase act on triglycerides to relieve the inhibition. 
Above results were confirmed histopathologically by the presence of 
abscess, abscessation, suppuration and pyogranuloma in different sections. 
As shown in this study, abscess could be induced by inoculation of S. 
epidermidis with incorporating Staphylococcal FAME. Other workers also 
confirmed that injection of S. epidermidis isolated from sheep abscess alone 
could not produce abscess but when inoculated with other bacteria (S. 
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aureus subsp. anaerbius) abscesses were produced (Nasreen, unpublished 
data).  
Injection of lipase with S. warneri in equal amounts resulted in very 
small abscess and increased lipase revealed no change at the inoculation 
sites. S. warneri produced FAME and lipase in small amounts not enough to 
produce abscesses. The amount of lipase produced by S. warneri may be 
very small (smaller than the produced FAME) and when external lipase is 
added it acts on triglycerides released by the host against S. warneri FAME 
leaving FAME free to act on bactericidal lipids and protect bacteria to form 
abscess. Histopathological finding confirmed these results no abscesses were 
seen in sections prepared from sites injected with increased lipase dose, 
while sites injected with equal amounts of lipase and the organism showed 
presence of abscess. When the two factors (FAME and lipase) were 
inoculated with S. warneri the abscess size was slightly bigger than obtained 
by addition of FAME alone. The above results indicated that FAME is a 
very important factor in abscess formation and confirmed the findings 
obtained by the above authors who generally agree that for the organism to 
form abscess must be able to produce FAME and lipase  
Inhibition of abscess formation by triglycerides (sesame oil or pure 
triglycerides) when injected with S. aureus subsp. anaerobius (FAME and 
abscess producer) may be attributed to the inactivation of FAME by 
triglycerides rendering it non-functional, leaving the organism exposed to 
the bactericidal lipids. It should be stated that, the organism produces lipase 
to act on triglycerides, but when triglycerides level becomes too high and 
lipase is unable to breakdown all amount. Thus FAME remains to be 
inactivated and the bactericidal lipids are free to act on the organism. 
Another possible factor in the inhibition of the bacteria is the high 
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concentration of fatty acids produced as a result of the breakdown of 
triglycerides by lipase; these fatty acids are known to be bactericidals. This 
result was confirmed histopathologically as no evidence of abscess 
formation was seen in the sections. The same result (inhibition of abscess) 
was obtained when triglycerides were injected with S. epidermidis plus 
FAME, this may be due to the direct action of triglycerides on the added 
FAME. It is also obvious that when the concentration of the organism 
increased and injected with the same amount of triglycerides, the abscess 
formed. This may be due to increased lipase production by the organism 
which could breakdown the triglycerides. Triglycerides level may be to a 
point where FAME can inactivate the bactericidal lipids and thus the 
organism is protected. Similar results (formation of abscess) were obtained 
by injection of lipase and triglycerides, with and without prior incubation, 
plus S. aureus subsp. anaerobius. These results may be explained by 
destruction of triglycerides by the lipase while S. aureus subsp. anaerobius 
is left free. This result was confirmed histopathologically. Formation of 
abscess also resulted from addition of FAME to S. aureus subsp. anaerobius 
plus triglycerides. Similarly, the added triglycerides act on added FAME to 
let   S. aureus subsp. anaerobius free to form abscess.                                                               
All abscess in this study were developed at the inoculation sites, this 
agrees with findings of Shirlaw and Ashford (1962); Hamad (1989) and 
Hassan (1996), who observed abscess formation at injection sites following 
S/C inoculation of the organism. 
Post-mortem examination of sheep revealed no internal abscess 
formation. However, Aynaud (1923; 27; 28) reported that I/P injection of the 
organism resulted in development of abscesses in the abdominal muscles. 
Hamad (1989) reported the formation of abscesses in lung in animals 
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injected S/C and Hassan (1996) found that scarifiction caused multiple 
micro-abscesses in the liver and mediastinal lymph nodes. 
In natural abscess disease many other Stahpylococcus species have 
been isolated. Ten of these species are known to produce FAME but unable 
to form abscesses. From these S. epidermidis and S. warneri were used in 
this study. Further experiments using other bacteria should be carried out in 
a similar study to the present one.    
This study appears to be the first of its kind. Therefore, information on 
this aspect is sparse to allow for comparison and critical discussion. 
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Conclusions and Recommendations 
 
Conclusions 
 
• Staphylococcus aureus subsp. anaerobius is the main etiological agent 
of abscess disease in sheep. 
• Fatty acid modifying enzyme (FAME) and lipase are essential for 
abscess formation by S. aureus subsp. anaerobius. 
• Other Staphylococcal organisms such as S. epidermidis and S. warneri 
may produce small amount of FAME and lipase but fail to cause 
abscess. 
• Inoculation of S. epidermidis or S. warneri together with external 
FAME produced abscess. 
• Inoculation of S. warneri with lipase did not cause abscess formation. 
• Injection of S. aureus subsp. anaerobius with external triglycerides 
tended to inhibit abscess formation. 
• Injection of FAME or lipase alone produced no abscess. 
• The pathological changes in the skin at the inoculation sites varied 
from mild to severe according to inoculum. Severe lesions 
(suppuration, pyogranulomas and fibrosis) were seen at sites 
inoculated with S. aureus subsp. anaerobius and S. epidermidis with 
FAME and lipase. The lesions were less severe or moderate at the 
sites inoculated with S. epidermidis or S. warneri together with 
FAME. Mild lesions were seen in case of addition of external 
triglycerides to S. aureus subsp. anaerobius. 
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Recommendations 
 
• In further studies purification of FAME from S. aureus subsp. 
anaerobius and other FAME producer Stahpylococci  should be 
attempted, which can be added for induction of abscesses in non-
abscess producer Staphylococci.  
• The minimum FAME abscess inducer dose should be determined. 
• Further investigation is needed on FAME activators in different 
species of the genus Staphylococcus. 
• Effect of purified FAME may be studied on bacteria other than 
Staphylococci. 
• Incorporation of oils containing unsaturated fatty acids may be  
  considered in vaccine development. 
•   A call for applying gene-deletion technique vaccine against                    
Staphylococcus infection in man and animal deemed essential. 
•  The microenvironment affecting the action of FAME, lipase and 
triglycerides in induction of abscesses e.g pH and temperature should 
be properly assessed. 
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